Solid cell nests of the human thyroid gland are composed of main cells and C cells. In order to investigate the putative stem cell nature of the role for solid cell nests, we evaluated the histological features, and the immunohistochemical expression of p63, bcl-2, telomerase catalytic subunit, and two proliferative markers (Ki-67 and minichromosome maintenance protein 2), in a series of 24 cases of solid cell nests. Proliferative indices were determined in (a) solid cell nests, (b) thyroid follicular cells in the vicinity of solid cell nests within a low-power field, and (c) distant thyroid tissue, at a distance of at least three low-power fields from solid cell nests. In 15 cases of solid cell nests (62.5%), mixed follicles were observed; papillary formations were observed in four cases (16.6%), and ciliated cells were observed in the lining of microcysts associated with two cases (8.3%). Salivary gland-type tissue, cartilage islands, adipose and fibrous tissues, and small nerves were also associated with some cases of solid cell nests. We observed that the main cells of the solid cell nests express consistently telomerase, although at lower levels than p63, and show strong cytoplasmic immunoreactivity for bcl-2, which is associated with an increased differentiation potential. We also observed that despite their relative low proliferative index, main cells of the solid cell nests display higher proliferation than follicular cells in the vicinity and follicular cells in more distant thyroid tissue. We conclude that main cells of the solid cell nests apparently harbor the minimal properties of a stem cell phenotype (capacity for both self-renewal, conferred by telomerase activity, and differentiation to one or more than one type of specialized cells, given by the high expression of p63 and bcl-2) and may thus represent a pool of stem cells of the adult thyroid.
Solid cell nests of the human thyroid gland are composed of main cells and C cells. In order to investigate the putative stem cell nature of the role for solid cell nests, we evaluated the histological features, and the immunohistochemical expression of p63, bcl-2, telomerase catalytic subunit, and two proliferative markers (Ki-67 and minichromosome maintenance protein 2), in a series of 24 cases of solid cell nests. Proliferative indices were determined in (a) solid cell nests, (b) thyroid follicular cells in the vicinity of solid cell nests within a low-power field, and (c) distant thyroid tissue, at a distance of at least three low-power fields from solid cell nests. In 15 cases of solid cell nests (62.5%), mixed follicles were observed; papillary formations were observed in four cases (16.6%), and ciliated cells were observed in the lining of microcysts associated with two cases (8.3%). Salivary gland-type tissue, cartilage islands, adipose and fibrous tissues, and small nerves were also associated with some cases of solid cell nests. We observed that the main cells of the solid cell nests express consistently telomerase, although at lower levels than p63, and show strong cytoplasmic immunoreactivity for bcl-2, which is associated with an increased differentiation potential. We also observed that despite their relative low proliferative index, main cells of the solid cell nests display higher proliferation than follicular cells in the vicinity and follicular cells in more distant thyroid tissue. We conclude that main cells of the solid cell nests apparently harbor the minimal properties of a stem cell phenotype (capacity for both self-renewal, conferred by telomerase activity, and differentiation to one or more than one type of specialized cells, given by the high expression of p63 and bcl-2) and may thus represent a pool of stem cells of the adult thyroid. Keywords: solid cell nests; stem cells; telomerase; p63; bcl-2; Ki-67; MCM2; ultimobranchial body Solid cell nests of the human thyroid gland, usually considered as the embryonic remnants of the ultimobranchial body, are composed of two types of cells that are referred to as 'main cells' and 'C cells'. 1 Main cells, which account for a major proportion of solid cell nests, are polygonal to elongated cells with centrally located, oval to fusiform nuclei having uneven nuclear envelopes that include occasional grooves; these cells show deeply eosinophilic cytoplasm with squamoid features but lacking intercellular bridges. 1 p63 is a member of the p53 tumor-suppressor gene family with structural homology to p53 that is involved in survival and differentiation of reserve/ stem cells in different epithelia. [2] [3] [4] It has been advanced that p63 plays a role in triggering the differentiation of some specific cell lineages. [2] [3] [4] [5] [6] [7] We have previously shown that p63 and basal keratins are restricted to the main cells, being negative in the C cells and in other thyroid structures, and advanced that the main cells of the solid cell nests display a basal/stem cell phenotype. 8 Bcl-2 overexpression has also been associated with stem cells. 9 However, the precise definition of a stem cell is still a controversial issue; it is generally accepted that stem cells exhibit extensive self-renewal capacity, differentiation potential and may exist in a mitotically quiescent form, but these properties are not always present in all the stem cells of human tissues. 10 Somatic cells have a limited replicative potential in vitro due to the progressive loss of the telomeres cap in each cell division. 11, 12 The shortening of the telomeres can be overcome by the reactivation of telomerase, a ribonucleoprotein enzyme composed of two subunits: the human telomerase RNA template subunit (hTR) constitutively expressed, and a catalytic subunit, the human telomerase reverse transcriptase (hTERT), responsible for the activity of the enzyme in the elongation and maintenance of the protective telomere structure at the end of the human chromosomes. Long-lived cell populations such as the germline and stem cells, which need a high self-renewal potential, can circumvent the telomeric barrier acquiring unlimited proliferation capability by expressing telomerase. 13 In contrast to its presence in 80-90% of malignant tumors, [14] [15] [16] telomerase activity is undetectable in most normal cells and tissues. 17 The restoration of telomerase activity in human cells may confer increased replicative lifespan without eliciting a cancer-associated phenotype. [18] [19] [20] Some stem cells may divide rarely, like the stem cells of the skin, whereas others, like the intestinal crypt stem cells, divide frequently. 10 Several proliferation markers have been used to identify cycling cells, namely Ki-67, 21 a nuclear antigen expressed in proliferating cells and, more recently, the human minichromosome maintenance protein 2, (MCM2) a protein that plays a role in DNA replication and actively participates in cell cycle regulation as part of minichromosome maintenance complexes. 22 In order to define the self-renewal potential and the proliferation rate of the main cells of the solid cell nests, we investigated the histological features, and the immunohistochemical expression of p63, bcl-2, hTERT, Ki-67, and MCM2 in a series of 24 solid cell nests of the thyroid.
Material and methods
Formalin-fixed, paraffin-embedded tissues from 24 cases of thyroid pathology with solid cell nests were retrieved from the files of the Hospital Clínico Universitario, Santiago de Compostela, Spain. All cases were reviewed by three of the authors (AP, JC-T, and MS-S) and the clinical data were obtained either from pathology reports or from patient charts. The clinical data of the patients and the major thyroid lesions are summarized in Table 1 .
Immunohistochemical analysis: In every case, 4 mm serial histological sections were cut and mounted in silane-coated slides. Immunohistochemistry using the streptavidin-biotin-peroxidase complex technique was performed as described elsewhere, 23 using antibodies raised against p63 (clone 4A4, dilution 1:150 -1 h, Neomarkers, Freemont, CA, USA), bcl-2 (clone 124, dilution 1:10 -30 min, Dako), MCM2 (clone CRCT2.1, dilution 1:25 -1 h, Novocastra Laboratories, UK) and MIB-1 (clone Ki-67, dilution 1:50 -30 min, Dako, Glostrup, Denmark), calcitonin (Polyclonal, BioGenex, San Ramó n, CA, 1:200) and the catalytic subunit of telomerase (hTERT) (clone 44F12, dilution 1:25 -1 h, Novocastra Laboratories, UK). For the telomerase immunohistochemical assay, we included as telomerase-positive controls tonsil (as indicated by the commercial vendor to validate the antibody) and colon (the basal cells of the intestinal crypts are telomerase positive); as an internal negative control, we used the follicular thyroid cells distant from solid cell nests. Heat-induced antigen retrieval using antigen retrieval solution (Dako) was performed by 20 min incubation in a water bath at 981C. Negative and positive controls were concurrently run for all antibodies with satisfactory results. Cells were considered positive for telomerase whenever nuclear staining was observed. Cells were considered positive for MIB-1 and MCM2 when diffuse or dot-like nuclear staining was observed regardless of the intensity of the staining; only nuclear immunoreactivity was considered specific. The number of positive cells was counted by two different observers (AP and JC-T) independently. Whenever necessary, a consensus was reached using a double-headed microscope. Stromal and/or lymphoid staining were excluded from the counting process. The percentages of positively staining nuclei were obtained in each case by counting at least 500 epithelial cells at high-power field (Â 400) in three different spots: solid cell nests, follicular epithelial cells in the vicinity of solid cell nests, and follicular cells at a distance of at least three lowpower fields from solid cell nests. The distinction between main cells and C cells from the solid cell nests was based on the calcitonin staining in serial sections, since as previously shown only C cells stain for calcitonin. 1, 8 Three cases with solid cell nests containing less than 500 epithelial cells were previously excluded from this study. Data were analyzed by Fredman's test and the Bonferroni correction for multiple comparisons. All values were presented as mean7s.d., and two results were considered to be significantly different when Po0.05.
Results

Clinical Profiles and Pathological Findings
Of the 24 patients, eight (33.3%) were male and 16 (66.6%) female. Ages ranged from 28 to 89 years (average, 54 years; s.d., 18.4 
years). Multinodular
Telomerase in solid cell nests A Preto et al The solid cell nests were single or multiple foci of squamoid cluster cells delineated by a basement membrane, and were composed of a dual cell population of main cells and C cells as previously described 1, 8 ( Figure 1 ). The main cells showed frequent nuclear grooving, but only a single nuclear pseudoinclusion was found in one case (case 9). Intermingled with main cells, and mainly confined to the periphery of the cell nests, the population of C cells, numerically less conspicuous, was characterized by clear or empty cytoplasm and round nuclei (Figure 1b) . In 15 cases (62.5%), the solid cell nests contained mixed follicles -structures lined by main cells and follicular epithelium with colloid and/or clumps of eosinophilic material in the lumen (Table 1) (Figure 1c ). Microcysts were observed in 16 cases (66.6%) (Figure 1a) . Cases 1 and 6 showed microcysts lined by a ciliated epithelium ( Figure  1e ). Papillary formations were observed in cases 2, 4, 6, and 20 ( Figure 1d) . A cartilage island was found in intimate contact with the solid cell nests in case 6, and salivary gland-type tissue, fibrous tissue, mature fat, and small nerves were associated with solid cell nests in case 1 (Figure 1e and f) . No continuity between the thyroid neoplasms and the solid cell nests was observed in any case.
Immunohistochemical Analysis
hTERT Telomerase immunostaining was observed in the main cells of the solid cell nests; the expression pattern is similar to that of p63 but with lower staining intensity (Figure 2a and b) . C cells did not express telomerase in any case; the cases with areas of lymphocytic thyroiditis showed high telomerase immunoreactivity in the lymphocyte nuclei as has been previously described. 13 Lymphocyte immunoexpression was thus used as an internal positive control. Telomerase immunoexpression was not restricted to the main cells of solid cell nests; faint immunoreactivity was also detected in scarce follicular cells in the vicinity of some of the solid cell nests.
p63 and bcl-2
As previously demonstrated, p63 immunostaining was restricted to the main cells of the solid cell nests, 8 strongly decorating their nuclei (Figure 2c ). The C cells of the solid cell nests were negative for p63 in every case. In adjacent thyroid tissue, p63 immunoreactivity was not detected in normal or hyperplastic follicular cells, nor in C cells.
In all the cases, main cells of solid cell nests showed strong cytoplasmic reactivity for bcl-2 ( Figure 2d) ; less intense immunoreactivity was also observed in most follicular cells regardless of the vicinity of solid cell nests.
MIB-1 and MCM2
The values of MIB-1 labeling for each case (n ¼ 24) are summarized in Table 1 Table 1 also summarizes the percentages of positive nuclei found in solid cell nests using both proliferative markers (n ¼ 7). No significant difference was found between levels of expression of 
Discussion
The ultimobranchial body origin of solid cell nests was first proposed by Erdheim in 1904, 24 and marked similarities were pointed out between the solid cell nests and the ultimobranchial body of the rat, 25 dog, 26 and bull. 27 The unusual association of solid cell nests with thymic, [28] [29] [30] [31] parathyroid, 28, 29 adipose, 1,30 fibrous, 32 cartilaginous, 1, 32 and salivary gland-type tissues 32 has been documented, and together with the production of mucins 1, 28, 33, 34 reinforces the endodermal, ultimobranchial body origin of solid cell nests. The topographic distribution of solid cell nests in the thyroid gland, their association with C cells and different tissues related to branchial structures, and the presence of solid cell nests in some piriform sinus fistula (which are also considered as remnants related to the ultimobranchial body) 35 further support the existence of a relationship between solid cell nests and the ultimobranchial body. To the best of our knowledge, the presence of neural fibers in relation with solid cell nests has not been previously reported. The association of solid cell nests with nerves and adult tissues derived from other germinal layers in case 1 of the present series fits with the diagnosis of a (small) teratoma, and indicates that main cells may serve as multipotential stem cells.
Pueblitz et al 36 found thyroid C cells in the autopsies of children with the DiGeorge anomaly. The fact that C cells were present in a high percentage of cases, even in those exhibiting all the stigmata of the DiGeorge anomaly, raised the possibility of an additional source of C cells for the thyroid. 36, 37 Williams et al 38 found cystic structures with glandular nodules composed of C cells (positive for calcitonin and calcitonin gene-related peptide) intermixed with follicles (immunoreactive for thyroglobulin) in the lateral neck of four cases of maldescend of the medial thyroid anlage. On the basis of these observations, they concluded that the ultimobranchial contributes both C cells and follicular cells to the thyroid gland. 38 The main cells of solid cell nests are negative for markers of terminal differentiation such as thyroglobulin, 1, 8, 34 thyroid transcription factor (TTF-1), 8 calcitonin, 1, 8, 34 and calcitonin gene-related peptide. 1 In mixed follicles, the continuity between main cells and follicular cells suggests that the latter are produced through a maturation process of the former. 1, 8 Until now, no well-defined stem cell population has been identified in the thyroid gland. Our group suggested a few years ago that the main cells of solid cell nests might be the multipotential cells that could contribute to the histogenesis of C cells and follicular cells, as well as to some thyroid tumors. 39 This claim was based on the wide spectrum of differentiation found in solid cell nests 1, 34, 39 and has found additional support on the finding of p63 immunoreactivity restricted to the main cells of solid cell nests. 8, 40 The results obtained in the present study confirm and extend those we and others had previously reported on the high level of expression of p63 in the main cells of solid cell nests. 8, 40 We found overexpression of bcl-2 in the main cells of solid cell nests. It has been shown that bcl-2 protein expands the life of epithelial cells capable of differentiation and enables differentiation and morphogenesis to occur. 9 The increased expression of bcl-2 in solid cell nests is thus in There is still ambiguity about what exactly constitutes a stem cell. A minimalist, usually accepted definition of stem cells, is that they must have the capacity of self-renewal and of generating differentiated progeny. 10 Other properties also associated with stem cells are their ability to survive in a mitotic quiescent form, the capacity to clonally regenerate some or all the different cell types that constitute the tissue in which they exist, and the ability to undergo asymmetric cell divisions. [41] [42] [43] Normal somatic cells have a limited replicative potential. When the so-called 'Hayflick limit' is reached, the cells undergo a viable nongrowing state, known as 'replicative senescence'. 11, 12, [44] [45] [46] Cells that have to acquire an extensive self-renewal potential like stem cells need to overcome this growth barrier by activation of telomerase. Low levels of telomerase expression have been described in stem cells of several tissues, namely, in basal cells of the intestinal crypts, basal cells of the skin and hematopoietic progenitor cells, among others. 13, 45, 47 Our finding of telomerase expression in the main cells of the solid cell nests provides a new insight on the self-renewal capacity of these cells, characteristic of stem cells in which telomerase has been described to be expressed at very low levels. 13, 45 We also found scarce and faint expression of telomerase in thyroid follicular cells adjacent to solid cell nests. Other authors using a telomeric repeated amplification protocol (TRAP) assay have already described telomerase activity in normal thyroid. [48] [49] [50] [51] [52] These observations might indicate that follicular cells may have origin in telomerase-positive cells derived from the solid cell nests structure.
Thyroid gland has a very limited proliferative potential. 53 The results we obtained with the two proliferation markers were very similar and showed that the solid cell nests are composed of low proliferative cells, the positive cells being confined to main cells. The proliferation rate in the cells in the vicinity of solid cell nests was not significantly lower than in the solid cell nests, in contrast to follicular cells distant from solid cell nests in which a significantly lower (Po0.05) proliferation index was found. The higher proliferation rate of the cells of solid cell nests in comparison to that of distant follicular cells, despite its absolute low value, indicates that solid cell nests may constitute a pool of stem cells implicated in the scarce cell division in adult thyroid gland. 53 The main cells of solid cell nests appear to be slow-growing cells -a feature that fits with the concept that some stem cells exist in a mitotic quiescent form showing low rates of proliferation. 10 We do not know if the higher proliferation index of the cells in the vicinity of the solid cell nests in comparison to those at a distance from solid cell nests also indicates the involvement of solid cell nests in thyroid cell production, since one cannot rule out the possibility that such a higher proliferation may reflect a reaction to the presence of solid cell nests.
In conclusion, we observed that the main cells of solid cell nests of the thyroid express markers of differentiation potential (p63 and bcl-2 immunoreactivity), self-renewal capability (telomerase activity), and low proliferation rates. All these characteristics are compatible with the usually accepted minimalist definition of stem cells and thus support the assumption that the main cells of solid cell nests may play a stem cell role in the thyroid gland.
